A kit for serum calcium determination (Calcium Rapid Stat Kit), based on a methyl thymol blue method, has been investigated and the results compared with those obtained from an AutoAnalyzer cresol phthalein complexone method.
The kit technique is simple, requires a small amount of serum and has a better precision than the AutoAnalyzer method, with which it correlates well. The standards supplied should be checked before use.
Calcium in serum may be determined by a number of different methods-titrimetric, f1uorimetric, colorimetric or by atomic absorption spectrophotometry. Many of these procedures can be automated and are therefore suitable for processing routine tests.
For emergency determination of calcium in serum, EDTA titration or atomic absorption spectrophotometry may be preferred because of their speed. However, EDTA titration methods often have difficult end-points and atomic absorption is not available in all laboratories. There is, therefore, a need for a simple, rapid, reliable method for serum calcium determination in the emergency situation.
The Pierce Chemical Company, Rochford, Illinois, U.S.A., recently began marketing in the United Kingdom a kit for the rapid determination of calcium in biological fluids (Calcium Rapid Stat Kit, Pierce Product No. 40895, obtainable from Phase Separations Ltd., Deeside Industrial Estate, Queensferry, Flintshire.) We report an evaluation of this kit for the determination of serum calcium.
Kit description
The kit as supplied contains sufficient material for 120 determinations (this assumes a final volume of 3.5 ml is sufficient for the colorimeter cuvette). Calcium standards of 10 and 25 mg/! 00 ml are supplied (7.5 ml of each). The working reagent is prepared by mixing equal volumes of Calcium Reagent A and Calcium Reagent B, 180 ml of each being provided. The working reagent is made up as required. An instruction sheet is enclosed with each kit.
The working reagent contains both methyl thymol blue and 8-quinolinoI. Addition of calcium salts causes the formation of a deep-blue calcium complex of methyl thymol blue, and it is claimed that Beers Law is obeyed over the range 0-12.5 mg calcium/100 ml.
The instructions supplied are as follows:-Place 50 ,.,.1 sample, or of 10 mg/loo ml standard, and 0.45 ml water in a tube or cuvette. Add 3 ml working reagent. Read absorbance at 612 nm after setting the blank (0.5 ml water plus 3 ml working reagent) at absorbance = O. Serum calcium (mg/loo ml) is calculated from Absorbance of test x 10 Absorbance of 10 mg/loo ml standard
Method of investigation
To investigate the kit, the technique supplied was followed exactly, except that our laboratory Auto-Analyzer 10 mg/loo ml standard was used instead of the corresponding kit standard. Absorbances (optical densities) were measured in 1 em cells in a Pye-Unicam SP 600 spectrophotometer, except when plotting spectral curves.
Whenever appropriate the kit method was compared with an automated cresolphthalein complexone method (Technicon N-3a), using a Technicon AutoAnalyzer.
RESULTS

Spectral characteristics
A mixture of serum plus working reagent and a mixture of aqueous calcium standard plus working reagent were compared using a Pye-Unicam SP 1800 recording spectrophotometer. Both solutions peaked at 612 nm.
Linearity
A straight line relationship was found up to a level of 14 rng calcium/LOt) mI.
Sensitivity
This is satisfactory, a calcium level of 10 mg/loo ml yielding a solution with an optical density of about 0.4 using a 10 mm cuvette.
Stability
The colour produced was found to be stable for at least 1 h and the working reagent for at least 24 h.
Within batch variation
Twenty samples of the same serum pool were analysed in one batch by both methods. The results, Table I , indicate that the kit method compares favourably with the automated method. 19 methods. The calcium levels ranged from 5.5-14.0 mgj I00 ml. The correlation between the 60 pairs is shown in Fig. 1 This was determined by analysing a serum pool (Versatol, calcium level stated to be lOA mgjlOO ml) in 20 separate daily runs. For comparison, we have also shown, in Table 2 , the data obtained from our laboratory quality control charts for the same period using the automated method, but with a different serum pool. The results indicate that the precision of the kit method compares favourably with the automated method. 
Correlation between the two methods
Sixty routine blood samples submitted for serum calcium determination were analysed by both AUTOMATED METHOD (mg/lOoml l These figures confirm that the agreement between the two methods is satisfactory and that the kit method gives results which are, on average, 0.2 mg/] 00 ml lower than the automated method.
Accuracy of standard solutions
The 10 mg/IOO ml standard calcium solutions supplied with eight kits were checked and found to agree within 0.1 mg/loo ml with our own laboratory 10 mg/1oo ml standard, except one (Lot 03222 ·5) which gave a value of 11.6 mg/loo mi. An independent laboratory (Biochemistry Department, Victoria Infirmary, Glasgow-Dr. A. P. Kenny) found a calcium level of 11.8 mg/IOO ml in this standard solution. Strict precautions had been taken to avoid laboratory contamination of these standard solutions.
DISCUSSION
The Committee on Standards and Controls of the American Association of Clinical Chemists (1966) has made certain recommendations regarding the information which should be supplied by the manufacturers of kits. That supplied with the kit under test does not meet the requirements of the above committee on various points.
1. The reagent composition is not given. 2. No details of precision or accuracy are given, merely a statement that the kit gives results in close agreement with the results obtained on the Technicon SMA 12/60 AutoAnalyzer using the method of Gitelman (1967) .
3. The brochure does not state the range of calcium levels covered in the comparison with the SMA 12/60 method.
It should be emphasised that, as stated in the brochure, cleanliness of all glassware including spectrophotometer cuvettes, is absolutely essential. We keep a separate stock of acid washed glassware for use with this test kit.
Sunderman, Weatherbum, and Logan (1971) examined seven diagnostic kits for serum calcium determination and found three of the kits lacked precision. Only two of the kits gave results without bias in respect to their reference procedure (atomic absorption spectrophotometry) and two of the other five kits gave results which would cause considerable error in clinical interpretation. Pragay, Cross, and Chilcote (1972) examined four kits for calcium determination and found that inaccurate standards were a principal source of error. It would appear from this, and from our own experience with the kit being evaluated, that it is essential to check the standard solution supplied with each kit before use.
The price of the kit in this country is £12·76. Assuming the kit is used for single determinations only (i.e. setting up test, blank and standard) there is sufficient reagent for 40 results to be obtained on serum samples, and the cost per test is 32p. This assumes that 3.5 ml is sufficient for the colorimeter cuvette. We feel it desirable to put up the serum in duplicate as a precaution and this would increase the cost to 43p per test.
The reagents were found to be stable. On one occasion we were supplied with a kit in which one of the reagent bottles was leaking. This was replaced by the agent immediately, free of charge.
We have found this method simple to use, The small volume of serum required should make it a useful procedure in paediatric work, and it is suitable for use in the emergency situation as a serum calcium result can be obtained in 15 min. Currently we are examining the suitability of the method for use with a continuous flow analyser.
Addendum
After this work had been completed, Gindler and King (1972) described a method for the rapid colorimetric determination of calcium in biological fluids also using methyl thymol blue and 8-quinolinoI. Their reagents, which they state are the same as those in the 'Calcium Rapid Stat Kit', are prepared as follows:
Stock dye solution (A). Dissolve 180 mg methyl thymol blue (sodium salt), 6.0 g polyvinyl pyrrolidone and 7.2 g 8-quinolinol in water, add 10 ml concentrated hydrochloric acid and dilute to 1 litre with water. Stable at least nine months at room temperature.
Stock base solution (B). Dissolve 24 g sodium sulphite in water. Add 220 ml monoethanolamine and dilute to 1 litre with water. Stable at least nine months at room temperature.
Working reagent (C). Mix equal volumes of (A) and (B) . Stable at least two days at room temperature: do not refrigerate.
